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Description 

1 . Field of the Invention 

[0001] The present invention relates to a group lil ni- 
tride semiconductor device (hereafter also referred to 
as a device simply) and, particularly to a fabrication 
method of a semiconductor laser device using the same 
material system. 

2. Description of the Related Art 

[0002] A semiconductor laser device has a resonator 
consisting of a pair of flat parallel planes or reflectors 
between which a multilayer semiconductor laser struc- 
ture is formed. To operate the laser device, a pair of the 
mirror facets defining an optical cavity is necessary. For 
example, in case of a GaAs semiconductor laser device, 
since an epitaxially grown GaAs crystal used for the de- 
vice and a GaAs wafer for the substrate thereof have a 
cleavage nature, this nature Is utilized for the fabrication 
of the device. The resonator is formed In such a manner 
that straight lines of grooves are carved to the GaAs wa- 
fer at a predetermined interval of cavity length and thus, 
the wafer is cleaved along the grooves into bars by ap- 
plication of stress. Therefore, the cleavage of wafer fa- 
cilitates to form automatically flat mirror planes parallel 
to each other in a process for forming the laser structure. 
[0003] Thus, In the fabrication of a semiconductor la- 
ser device of Fabry-Perot type using a conventional 
semiconductor crystal such as GaAs, the mirror facets 
• of the device have been formed by using the same 
cleavage properties of GaAs crystal substrate and GaAs 
multilayers. 

[0004] On the other hand, in the case of group 111 ni- 
tride semiconductor device, it is inevitable to perform the 
epitaxial -growth of nitride crystal film on a substrate 
made of sapphire or SIC, because a nitride bull< crystal 
to be used in practice has not been manufactured yet. 
[0005] SiC is not frequently used as a substrate for 
the nitride device, because the SiC substrate is expen- 
sive and a nitride film deposited on the SiC substrate 
easily cracics due to the difference in the thennal expan- 
sion coefficient therebetween, thus sapphire Is com- 
monly used as a substrate. In the case of epitaxial 
growth of nitride on a sapphire substrate, a high quality 
single-crystal nim is obtained on a C-face I.e.. (0001) 
plane of sapphire, or an A-face, i.e., (1120) plane (here- 
after referred to as (11-20) plane) of sapphire. 
[0006] The mirror facets may be fonmed by an etching 
process such as reactive ion etching (RIE) instead of 
the method using the cleavage, because it is hard to 
crack the sapphire substrate in comparison with the 
GaAs substrate having been used so far for semicon- 
ductor laser devices. 

[0007] Reactive ion etching is mainly used as a meth- 
od for obtaining the minror facets of the nitride semicon- 
ductor laser on the sapphire substrate at present. 



[0008] However, the resultant device with the mirror 
facet formed by the reactive Ion etching has a dlsadvan- 
• tage that the far-field pattern of its emitted light exhibits 
multiple spots. This multiple-spot phenomenon of the la- 

5 ser device is caused by ^e fact that the sapphire sub- 
strate cannot be effectively etched even by dry etching 
such as the reactive ion etching. 
[0009] Fig. 1 shows a cross section of a laser device 
1 fabricated on a sapphire substrate 3 with a minor facet 

10 2 formed by an etching process. A remaining portion of 
the sapphire substrate 3 without being etched as shown 
by (A) In Fig. 1 reflects a part of emitted light beam, an 
then the reflected light interferes with the main light 
beam, so that a far field changes to multiple spots. Since 

IB the alteration of the far-field pattern into multiple spots 
is fatal as a tight source for reading an optical disk, mak- 
ing the device impractical. 

[0010] A GaN laser have been initially fabricated by 
usirig an etched min-or obtained by the reactive ion etch- 

20 ing. The mass-production-type GaN laser with the 
cleaved mirror is studied In view of the change of a far 
field pattern to multiple spots, it Is a matter of course 
tiiat a cleavage cannot be preferably fomied on sap- 
phire In mass production. Therefore, the following mettl- 
es od have been used. First, after forming a GaN film with 
a thickness of approximately 2 ^m on a sapphire sub- 
strate by metalorganic chemk»l vapor deposition 
(MOCVD), the substrate with the film Is temporarily tak- 
en out of a reactor. A SiO^ film Is fomied on the GaN 

so film and stripe-like windows are opened on the film. After 
putting the film in the MOCVD system again, a GaN film 
is grown up to a tiilckness of approximately 10 (im to 
obtain a flat film. After tiiat, ttie obtained wafer is subject 
to the hydride vapor phase epitaxial processes (t-iyPE) 

35 to form a GaN film on the wafer up to a thickness of ap- 
proximately 200 (im. Next, the backside of the sapphire 
substrate of the obtained wafer Is lapped to remove al- 
most of the sapphire portion, and tiien the GaN sub- 
strate having a ttiickness of approximately 80 jim Is ob- 

40 tained. The resultant substrate is set In the MOCVD sys- 
tem to perform epitaxial growth of a laser structure. Be- 
cause the obtained wafer Is very similar to a wafer of a 
conventional GaAs-based laser, It Is possible to apply 
various treatments and thereafter cleaving the crystal 

45 substrate. In this way, a laser device ls fabricated. 
[0011] However, the conventional method as de- 
scribed above requires many steps, and is complicated. 
As a result, the method invites a very low yield of the 
group III nitride semteonductor devices. Such a method 

50 is not suitable for mass production. 

OBJECT AND SUMMARY OF THE INVENTION 

[001 2] Therefore, an object of the present Invention is 
55 to provide a group III nitride-semiconductor laser fabri- 
cation method from which high-quality min-or facets for 
a laser structure can be obtained with high reproducibil- 
ity. 



3 



EP1 014 520B1 



4 



[001 3] A nitride semiconductor laser device according 
to the present invention as defined In claim 1 having suc- 
cessively grown crystal layers each made of a group III 
nitride semiconductor (AI,Ga^.J,.ylnyN (0^ x^l. 
O^y^l) comprises: 

a cieavable or parting substrate; 
a crystal layer made of the group 111 nitride semicon- 
ductor formed directly on the substrate; 
a mirror facet for optical resonance consisting of a 
cleavage plane of said crystal layers made of the 
group III nitride semiconductor; and 
a decomposed-matter area of the nitride semicon- 
ductor interposed at the interface between said sub- 
strate and said crystal layer, in which decomposed- 
matter area the crystal bond between said substrate 
and said crystal layer is broken, said decomposed- 
matter area being disposed at an intersecting por- 
tion with the cleavage plane. 

[001 4] In an embodiment of the nitride semiconductor 
laser device according to the invention, the decom- 
posed-matter area of the nitride semiconductor is 
formed by a light beam applied to the interface from the 
substrate side. 

[001 5] In another embodiment of the nitride semicon- 
ductor laser device according to the invention, the de- 
vice further comprises a waveguide extending along a 
direction normal to the cleavage, plane of the nitride 
semiconductor 

[001 6] In a further embodiment of the nitride semicon- 
ductor laser device according to the invention, the 
waveguide has a ridge shape. 
[001 7J In a still further embodiment of the nitride sem- 
iconductor laser device according to the invention, the 
substrate is made of sapphire. 
[001 6] A fabrication method according to the present 
Invention as defined in claim 6 is a method for producing 
a nitride semiconductor laser device having crystal lay- 
ers each made of a group 111 nitride semiconductor 
(AlxGa,Ji.ylnyN (OSx^i, O^y^l) and layered on a 
cieavable or parting substrate in order, the method com- 
prising the steps of: 

forming a plurality of crystal layers each made of a 
group III nitride semiconductor (AlxGa^.x)i.ylnyN 
(O^xgl. OSySI) on a cieavable or parting sub- 
strate; 

applying a light beam from the substrate side to- 
ward the interface between the substrate and the 
first of said plurality of crystal layers formed on said 
substrate thereby forming the decomposed-matter 
area of a nitride semiconductor in which the crystal 
bond between said substrate and said first crystal 
layer is broken; and 

cleaving the substrate along a straight line Inter- 
secting the decomposed-matter area, thereby fomi- 
ing a cleavage plane of said plurality of crystal lay- 



ers. 

[0019] In an embodiment of the fabrication method 
according to the invention, the wavelength of the light 
5 beam is selected from wavelengths passing through the 
substrate and absorbed by hte crystal layer In the vicinity 
of the interface. 

[0020] In another embodiment of the fabrication meth- 
od according to the Invention, the method further com- 
10 prises a step of forming a waveguide extending along a 
• direction nornial to the cleavage plane of the nitride 
semiconductor. 

[0021] In a further embodiment of the fabrication 
method according to the invention, the crystal layers of 
the nitride semiconductor are formed by metal-organic 
chemical vapor deposition. 

[0022] In a still further embodiment of the fabrication 
method according to the invention, the method further 
comprising a step of applying a light beam focused on 
20 an outer surface of the substrate to f orni a groove serv- 
ing as a starting point of the aforementioned straight line 
in the step of fonming the mirror facet for optical reso- 
nance. 

[0023] According to the present invention, it Is possl- 
25 ble to obtain high-quality mirror facets with a high repro- 
ducibility by locally untying the crystal bond between the 
sapphire substrate and GaN crystal nearby the mirror 
facets of a laser device and thereby, cutting the GaN 
crystal nearby the laser facet cleave along its nomnal 
30 cleavage plane. 

BRIEF DESCRlPTiON OF THE DRAWINGS 
[0024] 

35 

Fig. 1 is a schematic sectional view of a group 111 
nitride-semiconductor laser device; 
Fig. 2 Is a schematic perspective view showing the 
lattice plane of a GaN crystal layer formed on a sap- 
40 phire substrate; 

Fig. 3 is a schematic perspective view showing the 
fracture plane of a GaN crystal layer formed on a 
sapphire substrate; 

Fig. 4 is a schematic elevation view showing a GaN 
45 semiconductor laser device of an embodiment of 
the present invention, which is seen from the mirror 
facet for optical resonance; 
Figs. 5 to 7 are schematic sectional views each 
showing a portion of a wafer of the semiconductor 
50 laser device at each fabricating step of an embodi- 
ment of the present Invention; 
Rg. 8 is a schematic top view of a laser wafer in the 
semiconductor-laser fabricating step of another 
embodiment of the present invention; 
55 Figs. 9 and 10 are schematic sectional views each 
showing a laser wafer in the semiconductor-laser 
fabricating step of an embodiment of the present in- 
vention; 
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Figs. 1 1 and 1 2 are schematic top views each show- 
ing a laser substrate in the semiconductor-laser fab- 
ricating step of another embodiment of the present 
invention; 

Rg. 13 a schematic perspective view showing the 
fracture plane of a GaN crystal layer formed on an 
A-face sapphire substrate; and 
Rg. 1 4 is a schematic perspective view showing the 
fracture plane of a GaN crystal layer fornied on a 
C-face sapphire substrate. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT ~~ 



[0025] Embodiments of group III nitride semiconduc* 
tor laser devices according to the present invention are 
described below by referring to the accompanying draw- 
ings. 

[0026] Although sapphire does not have a clear cleav- 
age plane like a Si or GaAs wafer, a C-face sapphire 
easily crack along its (11 00). plane (hereafter referred 
to as (MOO) plane), and also an A-face sapphire can 
be parted along its (11 02) plane (hereafter referred to 
as (1-102) plane), so called R-plane, considerably close 
to the cleavage of ordinary crystal. The following meth- 
ods are used to form the cavity mirors of nitride semi- 
conductor lasers on a sapphire substrate: First, a meth- 
od of growing nitride semiconductor layers on a C-face 
sapphire substrate and then cracking along (1-100) 
plane of the sapphire substrate . Second, a method of 
growing nitride semiconductor layers on an A-face sap- 
phire substrate and then cracking along (1-102) plane 
of the sapphire substrate. 

[0027J As for the first method of mirror facet formation 
applied to the device grown on a C-face sapphire sub- 
strate, there are problems that a sapphire substrate can- 
not be cracked unless the substrate is made thin enough 
by lapping down the backside of the substrate or that it 
does not cleave with a high reproducibility. These prob- 
lems are caused by the fact that (1-100) plane of sap- 
phire Is not a cleavage plane. Since sapphire Is very 
hard crystal, it cannot be cracked along a mariting line 
unless it is made thin enough, and it is necessary to re- 
duce the thickness of a sapphire substrate down to ap- 
proximately 100 m In order to obtain a cleavage plane 
practical for a laser device. When lapping the backside 
of a wafer on which a device structure is already formed, 
the wafer Is warped or distorted due to the difference 
between thermal expanston coefficients of sapphire and 
nitrides or due to the residual stress caused by lapping 
process. Thereby, when the back of a device wafer is 
lapped, the wafer is apt to fracture in the process. This 
is very disadvantageous for mass production. 
[0028] Moreover, the crystallographic orientation of 
nitride grown on the C-face of sapphire tilts by an angle 
of 30** from the sapphire substrate orientation (the ni- 
tride is hereafter referred to as GaN because a typk:al 
binary compound is GaN). When parting the sapphire 



substrate on (1-100) plane thereof. GaN crystal on the 
sapphire substrate is to crack on (11-20) plane. The 
cleavage plane of GaN crystal is (1 -1 00) plane. Howev- 
er, it is also possible to tentatively cleave the GaN crystal 
5 on (11-20) plane due to the GaN crystars symmetry. 
When the crystal accurately cracks along (1 1 -20) plane, 
a very preferable fracture plane can be obtained. 
[0029] On the other hand, because (1-100) plane of 
sapphire is not a cleavage plane, it is possible to crack 
10 the sapphire even if a scribing line is drawn at a slightly 
deviated angle. Because GaN is cracked in a direction 
slightly deviated from (11-20) plane, the fracture facet 
consists of many (MOO) planes of GaN, each of which 
is the cleavage plane, forming a stepwise appearance. 
IS The stepwise facet causes degradation of the reflectivity 
of mirrors and perturbation of the wave front of emitted 
light. Thereby, the quality of a mirror facet for optical res- 
onance of a laser device is deteriorated. 
[0Q30] ' Whereas, the second method of mirror facet 
20 forming method applied to the device formed on the A- 
face sapphire substrate has a problem that the quality 
of the fracture plane of GaN Is not sufficient. 
[0031 ] Because the sapphire substrate can be easily 
cracked along its cleavage plane (1-102). so called R- 
2s piane.itispossibletocleavethesapphlrehavingathick- 
ness of 250 to 350 itm nomnally used as a substrate. 
However, (1-100) plane of GaN grown on the A-face of 
sapphire and the R-plane of the sapphire are deviated 
from each other by an angle of 2.4*. Fig. 2 depicts that 
30 situation. In Fig. 2. the angle 2.4* is exaggeratedly 
shown and the same is true for the subsequent draw- 
ings. Therefore, the strlations shown In Fig. 3 appear on 
the fracture plane of GaN. This is because (1 -1 00) plane 
of GaN appears In a stepwise manner similar to the case 
35 on a C-face sapphire. It seems that the crystal bond be- 
tween a sapphire substrate and GaN crystal is stable. 
Sapphire is stably parted with the R-plane, the fracture 
plane of GaN shown in Fig. 3 is reproduclblly obtained. 
Therefore, in the case of the A-face sapphire substrate, 
40 the quality of fracture plane is not very good though it is 
reproducible. 

[0032] In view of the experiment mentioned above, 
the present inventors have completed that present In- 
vention based on the result of studies of various method 

45 of producing a semiconductor laser device comprising 
group 111 nitride layers layered on the sapphire substrate 
to acquire a resonator of a high quality thereof. It should 
be noted that the embodiment described below simply 
Illustrates the invention, and the invention is not limited 

50 thereto. 

[0033] Rg. 4 shows the group 111 nitride semiconduc- 
tor laser of an embodiment. The semiconductor laser 
device Is constituted of a GaN (or AIN) layer 1 02 formed 
at a low temperature, n-type GaN layer 103, n-type 
55 Alo .1Gao.9N layer 1 04, n-type GaN layer 1 05, active lay- 
er 106 mainly containing InGaN, p-type A\q2^^.b^ 'sy* 
er 107, p-type GaN layer 108. p-type AIq ^Gao.9N layer 
1 09, and p-type GaN layer 1 1 0 which are stacked on the 
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single-crystal sapphire substrate 101 in order. An n-side 
electrode 114 and p-side electrodes 113 and 115 are 
connected to the n type QaN layer 103 and p-type GaN 
layer 1 1 0. A rfdge stripe portion 1 1 8 is formed on the p- 
type AIo iGbq 9N layer 109. The device Is covered with 
and protected by an Insulating film 111 made of SIO2 
except electrodes. 

[0034] Thegrouplllnlirldesemlconductorlaserofthe 
embodiment has a decomposed-matter area 150 of a 
nitride semiconductor disposed at the interface between 
the sapphire substrate 101 and its crystal layer 103 and 
having a cleavage plane for resonance i.e.,(1-100) 
plane intersecting the superimposed crystal layers 102 
to 110. The decomposed-matter area 150 of the nitride 
semiconductor is fomned by a light beam applied to the 
interface from the substrate side. In the decomposed- 
matter area 150 of nitride semiconductor formed by la- 
ser-beam irradiation, the crystal bond between a sap- 
phire substrate and GaN crystal is locally broken. There- 
fore, a layered portion of GaN nearby a reflector over 
the decomposed-matter area 160 ideally craclcs along 
the crystal lographic cleavage plane of GaN without in- 
fluence of the fracture of sapphire substrate in the mirror 
facet forming step. The wavelength of applied laser 
beam Is selected from wavelengths absorbed by a GaN 
crystal layer and passing through the sapphire sub- 
strate. Absorbed light In the GaN crystal layer near the 
Interface is almost converted Into heat where many crys- 
tal defects are present. The temperature of the laser- 
beam applied area of a crystal layer nearby the sapphire 
substrate rapidly rises and GaN is decomposed into gal- 
lium and nitrogen. 

[0035] This semiconductor laser device emits light by 
recombining electrons with holes In the active layer 1 06. 
The n-type GaN layer 105 and p-type GaN layer 108 
serve as guide layers. Light generated in the active layer 
106 is guided in the guide layers 105 and 1 08. Electrons 
and holes are effectively confined in the active layer 1 06 
by setting band gaps of the guide layers 1 05 and 1 08 to 
values larger than that of the active layer 106. The p- 
type AIq jGao^N layer 107 serves as a barrier layer for 
further enhancing the confinement of carriers (particu- 
larly, electrons), the n-type AloiGaQ^N layer 104 and 
the p-type Alo.iGag gN layer 109 serve as cladding lay- 
ers respectively each formed to have refractive Indexes 
lower than those of the guide layers 105 and 108. The 
wave guidance in the fitm-thickness direction la per- 
fornned due to the difference between refractive Indexes 
of the cladding layer and the guide layer. The ridge stripe 
portion 1 1 8 is formed in order to produce a lateral-direc- 
tional step in an effective refracth^e index by changing 
the thickness of the cladding layer 109. thereby confln- 
Jng generated light in the lateral direction. 
[0036] The n-type GaN layer 103 Is a ground layer 
formed as a current path because sapphire serving as 
a substrate does not have any electric conductivity at 
all. Moreover, the GaN (or AlN) layer 102 fonned as a 
low temperature growth layer ts a so-called buffer layer 



that is fomned to ghre a smoothing film on the sapphire 
substrate that is a different material for GaN. 
[0037] The devtoe structure shown in Fig. 4 Is fabri- 
cated In the following fabricating steps In which layered 
5 Structure for a laser device Is formed on an A-face sap- 
phire substrate whose both sides are mirror-finished 
through the metal-organic chemical vapor deposition 
(MOCVD). 

[0038] Rrst, the sapphire substrate 1 01 Is set into an 
10 MOCVD reactor and held for 1 0 minutes in a hydrogen- 
gas flow at a pressure of 300 Terr and a temperature of 
1050 ''C to themnalty clean the surface of the sapphire 
substrate 101. Thereafter, the temperature of the sap- 
phire substrate 101 Is lowered to 600 °C. and ammonia 
IS (NHs) which is a nitrogen nrmteriai and TMA (trimethyl 
aluminium) which is an Al material are Introduced into 
the reactor to deposit a buffer layer 102 rnade of AlN up 
to a thickness of 20 nm. 

[0039] Then, supply of TMA is stopped, the tempera- 
20 ture of the sapphire substrate 101 on which the buffer 
layer 1 02 Is formed is raised to 1 050 °C again while flow- 
ing only NH3, and trimethyl gallium Is Introduced to form 
the n-type GaN ground layer 1 03 on the buffer layer 1 02. 
In this case. Me-SiH3 (methyl silane) Is added into a 
25 growth atmosphere gas as the precursor of Si serving 
as an n-type impurity. 

[0040] When the n-type GaN ground layer 103 Is 
grown up to approximately 4 ^im, TMA is introduced to 
form the n-type AlGaN cladding layer 1 04. When the n- 

30 type AlGaN cladding layer 1 04 is grown up to approxi- 
matefy 0£ jim, supply of TMA Is stopped to grow the n- 
type GaN guide layer 105 up to 0.1 ^im. When growth 
of the n-type GaN guide layer 105 is completed, supply 
of TMG and Me-SIHa is stopped, and lowering of tem- 

3s perature is started to set the substrate temperature to 
750 "C. When the substrate temperature reaches at 750 
*C, canrier gas is changed from hydrogen to nitrogen. 
When the gas-flow state is stabilized, TMG, TMl, and 
Me-SiHa are introduced to grow the active layer 108. 

<o When the active layer is formed, supply of TMG, TMl, 
and Me-SiH3 is stopped, and the carrier gas is changed 
from nitrogen to hydrogen. When the gas-flow state is 
stabilized, the substrate temperature is raised to 1050 
"C again and TMG. TMA, and Et-CPgMg (ethyl cy- 

45 clopentadienyl magnesium) as the precursor of Mg 
serving as a p-type impurity are introduced to form the 
p-type AlGaN layer 107 on the active layer 106 up to 
0.01 |im. Then, supply of TMA is stopped to grow the p- 
type GaN gukle layer 108 up to 0.1 \l m and TMA is 

50 Introduced again to grow the p-type AlGaN cladding lay- 
er 109 up to 0.5 (im. Moreover, the p-type GaN contact 
layer 1 1 0 is grown on the layer 1 09 up to 0. 1 ^m. There- 
after, supply of TMG and Et-CP2Mg Is stopped and tem- 
perature lowering Is started. When the substrate tem- 

S5 perature reaches 400 *C, supply of N Ha is also stopped. 
When the substrate temperature reaches room temper- 
ature, the sapphire substrate 101 Is taken out of the re- 
actor. 
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[0041 ] The obtained wafer is set into a heat treatment 
furnace to apply heat treatment for the p-type conver- 
sion. 

[0042] A nickel (NQ layer 1 1 5 with a thickness of 200 
nm is formed on the surface changed to p-type as a p- 
side electrode by using the vacuum evaporation. . 
[0043] For the obtained wafer, a terrace for the p-side 
electrode, a recess for the n-side electrode, a cun^ent 
path structure for the n-side electrode are formed and a 
ridge-structure is fonned on the terrace for the p-side 
electrode and a refractive-index waveguide structure for 
current confinement. 

[0044] To form a current path for the n-stde electrode, 
the Ni film is partly removed by wet etching, and the ex- 
posed area of the nitride semiconductor layer is partially 
etched by reacthre ion etching (RIE) using CI2 (chlorine) 
gas by utilizing the remaining Ni film 115 as a mask as 
shown in Fig 5. In this case, as shown in Fig. 6, etching 
is perf onned down to a depth where the n-type cladding 
layer 104 is slightly left to form a recessed portion 201 . 
[0045] Then, as shown in Fig. 7, the NI film Is removed 
by wet etching while leaving a width of 5 jim to fomi the 
stripe 115 of the 5 ^m-wide NI film. 
[0046] In this case, as shown In Fig. 8, the longitudinal 
direction of the NI stripe 115 Is tilted up to an angle of 
2.4"» from the direction normal to the R-plane of sap- 
phire. Also, the recessed portion 201 for forming an n- 
side electrode Is formed with an angle of 2.4« in accord- 
ance with the tilt of the direction of the stripe 115. That 
Is, a waveguide Is fomied to extend along the normal 
direction to the (1-100) plane which is the expected 
cleavage plane of nitride semiconductor. 
[0047] Then , portions other than the portion immedi- 
ately below the 5 p.m-wide stripe portion, I.e., the contact 
layer 110 and p-type AIGaN cladding layer 9 are re- 
moved by reactive ion etching (RIE) using the Ni stripe 
1 1 5 as a mask and leaving approximately 0.1 jim of the 
cladding layer 9 to form the narrow ridge structure 118 
as shown in Fig. 9. In this case, the remaining n-type 
cladding layer 104 is simultaneously removed and the 
n-type GaN ground layer 103 is exposed. 
[0048] An SIO2 protective film Is deposited on the wa- 
fer by sputtering. Thereafter, a 3 jim-wide window on 
the p-type ridge and a window portion for an n-type elec- 
trode are formed in the SiOa protecth^e film by normal 
photolithography. Ti (titanium) is evaporated with a 
thickness of 50 nm and then. Al is evaporated with a 
thickness of 200 nm onto the portion where the n-type 
GaN layer 103 is exposed to form the n-side electrode 
114. Then, 50 nm-thick Ni film Is evaporated and Au is 
evaporated with a thickness of 200 nm onto the portion 
where a p-type GaN layer is exposed to form the p-side 
electrode 113. Thus, the individual device on the wafer 
has the structure shown in Fig. 10. 
[0049] After completing the device stnjcture fonDing 
step, the step of forming the decomposed-matter area 
of the nitride semiconductor is executed. As shown In 
Rg. 10, a short-wavelength laser beam having wave- 



lengths of 248 nm or 266 nm (e.g. KrF exdmer laser, or 
a frequency quadrupled YAG laser) Is Irradiated from the 
back of the sapphire substrate 1 01 to decompose a sap- 
phire-GaN interface. When a decomposed-matter area 

5 is formed, it is preferable to uniform the light intensity of 
the laser-beam applied to the interface by setting a ho- 
mogenizer in the optical path of the laser beam to be 
emitted. Moreover, emitted light Is focused onto the sap- 
phire-GaN interface and irradiate the irradiation area 

w 151 shown by slant lines in Fig. 11 . The irradiation area 
151 Is repeatedly formed at a fabrication pitch such as 
the device length of a nitride semteonductor laser. It is 
preferable to set the energy density of irradiation light 
to hundreds mJ/cm^ per pulse. If the energy density Is 

15 much larger than hundreds m J/cm^, an device structure 
is broken. If the density is smaller than hundreds mJ/ 
cm2, the interface is not completely decomposed and 
thereby, sufficient effect cannot be obtained. Thus, the 
decomposed-matter area 150 of the nitride semicon- 

20 ductor is formed by the above-mentioned laser-beam ir- 
radiation. 

[0050] Afterthe decomposed-matter tonning step, the 
scribing step is executed. The laser-beam applying po- 
sition is moved to a position nearby the periphery of the 
25 wafer shown by "a" in Fig. 1 2 to adjust the focal position 
of the irradiation light from the sapphire-GaN interface 
to the surface of sapphire substrate 101 . In this case, 
the width of the laser-beam applying area shown by "b* 
In Fig; 1 2 is set to several microns. f\/loreover, the energy 
30 density of the Irradiation laser beam is set to a value 
larger by 20 times or more than the energy density for 
the decomposition of the sapphire-GaN Interface. By 
pertomning laser-beam irradiation In accordance with 
the setting, It Is possible to evaporate the sapphire in a 
35 narrow irradiation area by heat because sapphire slight- 
ly absort) the wavelength and to fomn a fine groove G 
on the surface of the sapphire substrate 101. The laser 
beam (or a substrate support stand) is moved in the di- 
rection shown by V in Fig. 12 to form the groove G at 
40 a predetermined depth and length. The maridng opera- 
tion by the laser (so-called scribing) is repeatedly per- 
formed In accordance with the pitch of the device length 
of the nitride semiconductor laser. 
[0051] Thereafter, the sapphire substrate is cleaved 
45 in the direction shown by the alternate long and short 
dash line in Fig. 12 by using the groove G as a starting 
point. As a result, laser bars are obtained each having 
comparatively large cleavage planes for cavity mirror at 
the end of the crystal layers. 
50 [0052] In thecase of the present inventton, groove for- 
mation by laser^eam irradiation is performed only at the 
margin of the laser wafer. Therefore, It is preferable to 
reduce the thickness of a substrate down to approxi- 
mately 1 00 Jim in order to improve the quality of deav- 
55 age. 

[0053] Moreover. It Is preferable that a decomposition 
area by irradiation be as small as possible, because the 
present invention decomposes the Interface between 
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sapphire and GaN by heat. This implies that a high ac- 
curacy is required for a scribing position for cleavage. 
In general, when scribing is performed with a conven- 
tional diamond point, positional alignment is separately 
performed for the laser-beam Irradiation In the deconrv 
posed-matter fomiing step and the following scrtoing 
step. Therefore, a high-accuracy and complex align- 
ment is necessary between the both steps. The scribing 
method ot the present invention does not require any 
realignment of a wafer because irradiation and scribing 
are performed by the same apparatus. 
[0054] Furthermore, when a high-hardness material 
such as sapphire is scribed by an ordinary scribing ap- 
paratus using a diamond point, the point is seriously 
abraded. However, the present Invention has advantage 
in thai the groove bottom having a micron-order curva- 
ture govems cleavability. Moreover, the stability of the 
groove bottom can be easily maintained. 
[0055] A dielectric multilayer reflection coating is 
formed on the fracture plane (cleavage plane) of a fab- 
ricated laser bar by a sputtering system. By further sep- 
arating the laser bar into discrete chips by means of sec- 
ondary cleavage, the device shown in Fig. 4 is obtained. 
Hereafter, similarly to the case of a conventional laser 
device, the device Is die-bonded to a sub-mount, set to 
a stem, and wire-bonded and moreover, through subse- 
quent steps, and finally a laser device is completed. 
[0056] As described above, when forming a laser 
structure on the A-face of a sapphire substrate and part- 
ing sapphire on its R-plane without irradiating a laser 
beam, fine striations shown In Fig. 3 are formed on the 
surface of GaN. This is because the wafer cracks along 
the R-plane of the sapphire since a major part of the 
wafer is made of sapphire. As described above, the R- 
plane of sapphire tilts by an angle of 2.4' from (MOO) 
plane of GaN and even after a crack reaches the sap- 
phire-GaN interface, the crack propagates along the R- 
piane of ground sapphire up to a certain extent. Howev- 
er, because GaN tends to crack on its crystailographic 
cleavage plane (MOO), a plurality of (MOO) planes 
form in a stepwise fracture manner. 
[0057] In the case of the present Invention, the step 
of performing irradiatton by a short-wave high-output la- 
ser is added. While sapphire serving as a substrate is 
almost transparent at 24B nm which is the wavelength 
of a laser beam used for the irradiation, GaN absorbs 
the irradiation beam with a small penetration depth be- 
cause It has a absorption edge of 365 nm. Moreover, 
because of a large lattice mismatch (15%) present be- 
tween sapphire substmte and GaN, extremely dense 
defects are present In the GaN nearby the Interface and 
thereby, absorbed light is almost converted to heat. The 
temperature of an area of GaN nearby the sapphire sub- 
strate suddenly rises and thus. GaN is decomposed Into 
gallium and nitrogen. Therefore, as for this area, direct 
bond between sapphire crystal and GaN are discon- 
nected. 

[0058] Described below In detail in the case In which 



a sapphire substrate is cleaved along the R-plane ac- 
cording to the Invention. 

[0059] As shown in Fig. 1 3, when a crack propagating 
along the R-plane reaches the decomposed-matter ar- 

5 ea 150 formed by laser-beam Irradiation (arrow 'a'), 
GaN can crack along (MOO) plane which Is the natural 
cleavage plane of GaN because ground sapphire and 
GaN are not directly bonded within the area 1 50. There- 
fore, the portion of the crack within the GaN layer prop- 

10 agates along (MOO) plane of GaN (an^ow V), Moreo- 
ver, the portion of the crack in the sapphire substrate 
directly propagates along the R-plane (arrow "c"). When 
the crack reaches the boundary of the decomposed- 
matter area 150. GaN starts to fracture in a stepwise 

15 manner again because GaN is tightly integrated with 
sapphire thereafter. Thus, the partable plane of sapphire 
and the cleavage plane of GaN branch from each other. 
By setti ng the length of the branched portion of cleavage 
plane, that is, the laser-irradiation length to a value 

20 equaltoor largerthana rldgestripewidth, averysmooth 
mirror facet is obtained. 

[0060] As described above, the R-plane of a sapphire 
substrate tilts from an end face of the laser device by an 
angle of 2.4°. However, no problem occurs because 
25 both the ridges and electrodes are formed with an angle 
of 2.4° and a waveguide is vertical to (1-100) plane 
which is the cleavage plane of GaN. 
[0061] In the case of the aforementioned embodi- 
ment, the device is formed on an A-face sapphire sub- 
30 strate. It is possible to fonn a device with a ridge-type 
laser structure on a C-face sapphire substrate, as is de- 
scribed In the second embodiment. 
[0062] Fig. 1 4 shows a perspective view of the vicinity 
of the fracture plane of a laser device using C-face sub- 
35 strate 1 01 c fabricated in the same steps as those of the 
first embodiment. When cracking the sapphire substrate 
101c on (MOO) plane, GaN on the substrate 101c Is 
cracked on (1 1 -20) plane that is not the natural cleavage 
plane (1-100). However, because symmetry of GaN 
40 crystal, when a crack accurately advances in the direc- 
tion along (11-20) plane, a very preferable fracture plane 
is obtained. However, unless a scribing line strictly ex- 
tends along (1 -1 00) plane, the fracture plane of sapphire 
becomes stepwise and the fracture plane of GaN on the 
45 sapphire also becomes stepwise. 

[0063] As shown in Fig. 14, when a crack propagating 
almost along (1-100) plane reaches the decomposed- 
matter area of a nitride semiconductor (arrow "a"). GaN 
can crack along its (11-20) plane because ground sap- 
so phire and GaN are not directly bonded each other within 
the area 150 and the portion of the crack propagates 
along (11-20) plane of GaN (arrow •b"). Moreover, after 
passing through the decomposed-matter area 150, the 
GaN fracture plane becomes stepwise because GaN is 
55 bonded to sapphire (an-ow "c"). Thus, because the de- 
composed-matter area 1 50 is formed by setting a laser- 
beam Irradiation length to a value equal to or greater 
than a ridge stripe width, a very smooth facet plane Is 
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formed at the end of a laser structure. 
[0064] According to the present invention, an atomt- 
calty flat plane is obtained because a reflector plane, 
which is one of the most important portions of a laser 
device, is constituted of the crystailographic cleavage 
plane of a nitride semiconductor itself. 
[0065] Moreover, because It is possible to crack a 
sapphire substrate without greatly reducing its thick- 
ness, a trouble such as wafer fracture during the tapping 
process does not occur. Furthermore, because the 
thkdcness of the device is kept large, the device can be 
handled with relative ease, and superior for mass pro- 
duction. 



Claims 



1 . A nitride semiconductor laser device having crystal 
layers (103. 104, 105. 106, 107, 108, 109. 110) lay- 
ered each made of a group lit nitride semksonductor 
(AIxGa^.,)t.ylnyN {O^xSI . OSySl) comprising: 

a deavable or parting substrate (101); 
a crystal layer ( 1 03) made of the group 111 nitride 
semicdnductor formed directly on the sub- 
strate; 

a mirror facet for optical resonance consisting 
of a cleavage plane of said crystal layers made 
of the group 111 nitride semiconductor; and 
a decomposed-matter area (150) of the nitride 
semiconductor interposed at the interface be- 
tween said substrate (101) and said crystal lay- 
er (1 03), In which decomposed-matter area the 
crystal bond between said substrate, and said 
crystal layer Is broken, said decomposed-mat- 
ter area being disposed at an intersecting por- 
tion with the cleavage plane. 

2. A nitride semiconductor laser devk;e according to 
claim 1 , wherein the decomposed-matter area of 
the nitride semiconductor is formed by a light beam 
applied to the interface from the substrate side. 

3. A nitride semiconductor laser device according to 
claim 1 further comprising a waveguide (118) ex- 
tending along a direction normal to the cleavage 
plane of the nitride semiconductor. 

4. A nitride semtoonductor laser devtee according to 
claim 3, wherein the waveguide has a ridge shape. 

5. A nitride semfconductor laser devk:e according to 
claim 1 , wherein the subsu^ate is made of sapphire. 

6. A method for fabricating a nitride semiconductor la- 
ser device having crystal layers (1 03, 1 04, 1 05, 1 06, 
107, 108, 109. 110) each made of a group III nitride 
semiconductor (AI^GaiJi^lnyN (OSx^i, OgySI) 



20 



and layered on a deavable or parting substrate 
(1 01) in order, the method comprising the steps of: 

fonning a plurality of crystal layers each made 
5 of a group HI nitride semteonductor 

(AI,Gai.Ji.ylnyN (O^x^l , OSySl) on a-cleav- 
able or parting substrate; 
applying a light beam from the substrate side 
toward the Interface between the substrate and 
io the first of said plurality of crystal layers formed 

on said substrate thereby forming a decom- 
posed-matter area (160) of a nitride semteon- 
ductor, in which the crystal bond between said 
substrate and said first crystal layer is broken; 
is and 

cleaving the substrate along a straight line in- 
tersecting with the decomposed-matter area, 
thereby forming a cleavage plane of said plu- 
rality of crystal layers. 

. A method for fabricating a nitride semiconductor la- 
ser device according to claim 6, wherein a wave- 
length of the light beam is selected from wave- 
lengths passing through the substrate and ab- 
25 sorbed by the crystal layer in a vicinity of the Inter- 
face. 

8. A method for fabricating a nitride semtoonductor la- 
ser device according to claim 6 further comprising 

30 a step of forming a waveguide (118) extending 
atong the direction normal to the cleavage plane of 
the nitrkie semteonductor. 

9. A method for fabrteating a nitride semiconductor la- 
35 ser device according to claim 6, wherein the crystal 

layers of the nitride semiconductor are fomied by 
metal-organte chemteal vapor deposition. 

10. A method for fabricating a nitride semiconductor la- 
40 ser device according to claim 6 further comprising 

a step of applying a light beam focused on an outer 
suriface of the substrate to form a groove serving as 
a starting point of the aforementioned straight line 
in the step of fomiing the min'or facet for optteal res- 
45 onance. 



PatentansprQche 

50 1. NItrid-Halbleiteriaservonlchtung mlt geschichteten 
Kristallschichten (103, 104, 105. 106. 107. 108. 
1 09, 1 1 0) jeweils aus einem Gruppe 111 - Nitrid-Halb- 
leiter (AI^GavJ,.ylnyN (OSxSl, OSySl). mit 
einem spaltbaren oder stoh trennenden Substrat 

« (101); . 

einer Kristallschfcht (103) aus dem Gruppe 111 - Nl- 
trid-Halbleiter. die direkt auf dem Substrat gebildet 

ist; 
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elner Spiegelflache fOr optische Rcsonanz, beste- 
hend auB einer Spattebene der Kristallschichten 
aus dem Gruppe III - Nilrid-Halbleiler, und 
einem Bereich zertegter Materie (150) des Nitrid- 
Halbleiters, der sich an der GrenzflSche zwischen 
dem Substrat (1 01 ) und der Kristallschicht (1 03) be- 
findet, in wetehem Bereich zerlegter Materie die Kri- 
stallblndung zwischen dem Substrat und der Kri- 
stallschicht gebrochen ist, wobei der Bereich zer- 
legter Materie an einem Kreuzungsabschnitt mit der 
Spaltebene angeordnet ist. 

2. Nitrid-Halbleiterlaservorrichtung nach Anspruch 1 . 
bei welcher der Bereich zerlegter Materie des Ni- 
trid-Halbleiters durch einen von der Subslratseite 
auf die Grenzfl&cha gerichteten Lichtstrahl gebildet 
wird. 

3. Nitrid-Halbleiterlaservorrichtung nach Anspruch 1 . 
ferner mit einem Wellenleiler (118), der entlang ei- 
ner Richtung senkrecht zu der Spaltebene des Ni- 
trtd-Halbleiters verlauft. 

4. NItrid-Halbteiterlaservorrichtung nach Anspruch 3, 
bei welchem der Wellenleiler eine Dachform be- 
sitzt. 

5. Nitrid-Halbleiterlaservorrichtung nach Anspruch 1, 
bei welchem das Substrat aus Saphir Ist. 



6. Verfahren zur Herstellung einer Nltrid-Halbleiterta- 
servorrichtungmft Kristallschichten (103. 104. 105, 
106, 107. 108, 109, 110). die Jewells aus einem 
Gruppe III - Nitrid-Halbleiter (AlyGa^ J^.ylnyN 
(Osx^l , Osy^l ) gemacht und nacheinander auf 55 
einem spattbaren Oder sich teitenden Substrat 
(101) geschichtet sind, wobei das Verfahren die 
Schritte aufweist: 

Bilden mehrerer Kristallschichten Jewells aus einem 
Gruppe 111 - Nitrid-Halbleiter (AlxGa,.x)i.ylnyN 
(0<x<1 , 0<yS1 ) auf einem spaltbaren oder sich tren- 
nenden Substrat; 

Rtchten elnes Lichtstrahls von der Substratseite zu 
der Grenzf tache zwischen dem Substrat und der er- 
sten der mehreren auf dem Substrat geblldeten Kri- 
stallschlchten, wodurch ein Bereich zerlegter Mate- 
rie (150) elnes Nitrid-Halblelters gebildet wird, in 
dem die Kristallblndung zwischen dem Substratund 
der ersten Kristallschicht gebrochen ist; und 
Spalten des Substrata entlang einer geraden Linie. so 
die den Bereich zerlegter Materie kreuzt, wodurch 
eine Spaltebene der mehreren Kristallschichten ge- 
bildet wird. 

7. Verfahren zur Herstellung einer Nitrid-Halblelteria- ss 
servorrichtung nach Anspruch 6, bei welchem eine 
WellenlSnge des Lichtstrahls aus WelleniSngen 
ausgewdhlt Ist, die durch das Substrat laufen und 



durch die Kristallschicht in elner Nfihe der Grenz- 
fldche absorbiert werden. 

6. Verfahren zur Herstellung elner Nltrid-Halblelteria- 
5 servorrichtung nach Anspruch 6, ferner mit einem 
Schritt des Blldens eines Wellenteiters (118). der 
entlang der Richtung senkrecht zu der Spaltebene 
des Nitrid-Haibleiters vertfluft. . 

10 9. Verfahren zur Herstellung einer Nitrid-Halbleiterla- 
servorrlchtung nach Anspruch 6, bei welchem die 
Kristallschichten des Nitrid-Halbleiters durch eine 
metallorganische Abscheidung aus der Gasphase 
gebildet we nden. 

15 

10. Verfahren zur Herstellung einer Nitrid-Halbleiterla- 
servorrichtung nach Anspruch 6, ferner mit einem 
Schritt des Richtens eines auf eine AuBenflSche 
des Subslrats fokussierten Laserstrahls, um einen 
20 als Startpunkt der oben genannten geraden Linie 
dienenden Elnschnitt zu bilden, in dem Schritt des 
Blldens der Spiegelfiacha fOr optische Resonanz. 



25 Revendlcatlone 



1 . DIspositif de laser semiconducteu r & base de nitrure 
ayant des couches cristalllnes (1 03, 1 04. 1 05, 1 06 , 
107, 108, 109, 110) d6pos6es chacune falte d'un 
semiconducteu r k base de nitrure du groupe 111 
(AI,Gai.„)i.ylnyN (OSxSl, O^ySl) comprenant : 

un substrat clivable ou de division (101) ; 
une couche cristalline (103) falte du semicon- 
ducteur d base de nitrure du groupe 111 form^ 
directement sur le substrat ; 
une facetle de miroir pour une resonance opti- 
que se composant d*un plan de clivage desdi- 
tes couches cristalllnes faites du semtoonduc- 
teur &base de nitrure du groupe 111 ; et 
une zone de matifere alt6r6e (150) du semicon- 
ducteur k base de nitrure interpos6 d Pinterface 
entre ledit substrat (101) et ladite couche cris- 
talline (103). dans laquelle la zone de matidre 
altdr^e, la liaison cristalline entre ledit substrat 
et ladite couche cristalline est rompue, ladite 
zone de mati^re att6r6e 6tant dispos^e sur une 
partle d'intersectlon avec le plan de clivage. 

2. DIspositif de laser semiconducteu r k base de niuure 
selon la revendication 1 . dans lequel la zone de ma- 
tidre altdrde du semteonducteur 6 base de nitmre 
est fomi6e par un faisceau de lumi^re Bppliqu6 k 
rinteriace k partir du c6t6 du substrat. 

3. DIspositif de laser semiconducteu r k base de nltm re 
selon la revendication 1 comprenant en outre un 
guide onde (116) s'dtendant le tong d^jne direction 
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10. Proc6d6 de fabrication rfun dispositif laser semi- 
conducteurd base de nitrure selon la revendication 
6 comprenant en outre une 6tap6 tfapplication d'un 
faisceau de tumt^re focalis6 sur une surface exter- 
5 ne du substrat pour former une gorge servant conv- 
me un point de depart de la ligne droite susmention- 
n6e dans r^tape de f omiatlon de la facette de miroir 
pour la resonance optique. 

w 



f Bites chacune d'un semiconducteur k base de nl- ^3 
trure du groupe ill (AljjGa,.Ji.ylnyN (O^Sl, O^y^l) 
et d6pos6 sur un substrat cllvable ou de division 
(101) dans I'ordre, le proc6d6 comprenant les sta- 
pes de : 

20 

formation d'une plura!it6 de couches cristalll- 
.nes faltes chacune d'un semiconducteur d ba- 
se de nilaire du groupe III (AI^Ga^;ji.yInyN 
(0<x<1, 0<y<1) sur un substrat citvable ou de 
division ; 

application tfun faisceau de lumifere ^ partlrdu 
c6t6 du substrat vers Tinterface enlre le subs- 
trat et la premiere de ladite plurality des cou- 
ches cristallines formdes sur ledit substrat for- 
mant ainsi une zone de matifere alt6r6e (150) 30 
d*un semiconducteur & base de nitrure dans le- 
quel la liaison crista II ine entre ledit substrat et 
ladite premiere couche cristalline est rompue ; 
et 

clivage du substrat le long d'une ligne droite 3S 
coupant la zone de matifere alt6r6e, formant 
ainsi un plan de clivage de ladite pluralit6 des 
couches cristallines. 

7. Proc6d6 de fabrication d'un dispositif de laser semi- 40 
conducteur A base de nitrure selon la revendication 

6, dans lequel une longueur d'onde du faisceau de 
lumi^re est s^lectionn^e k partir des longueurs 
d'onde passant k travers le substrat et absorb^ par 
la couche cristalline au voisinage de I'interface. *s 

8. Proc6d6 de fabrication d'un dispositif de laser semi- 
conducteur k base de nitrure selon la revendication 
6 comprenant en outre une 6tape de fonnation d'un 
guide onde (118) s'6tendant le long de la direction so 
normale d'un plan de clivage du semiconducteur k 
base de nitrure. 

9. Proc6d6 de fabrication d'un dispositif de laser semi- 
conducteur d base de nitrure selon la revendication ss 
6. dans lequel les couches cristallines du semicon- 
ducteur & base de nitrure sontformdes par un d6p6t 
chtmique organo-m^tallique en phase vapeur. 



normale au plan de divage du semiconducteur k 
base de nitrure. 

4. Dispositif de laser semiconducteur & base de nitrure 
selon la revendication 3, dans lequei le guide onde 
a une forme de moulure. 

5. Dispositif de laser semiconducteur k base de nitrure 
selon la revendication 1 , dans lequel le substrat est 
fait de saphir. 

6. Proc6d6 de fabrication d'un dispositif de laser semi- 
conducteur k base de nitrure ayant des couches 
cristallines (103. 104. 105, 106. 107, 108, 109. 110) 
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